Selective amidation of carboxyl groups of the intermolecular contact regions of hemoglobin S: structural aspects.
Carboxyl groups of HbS are readily activated by water-soluble carbodiimide at pH 6.0 and room temperature. These o-acylurea intermediates (activated carboxyl) are accessible for nucleophilic attack by amines. With glycine ethyl ester, the amidation is very selective for the gamma-carboxyl of Glu-43(beta) and more than 65% of the glycine ethyl ester incorporated is on this carboxyl group. In contrast, glucosamine derivatizes the gamma-carboxyl group of Glu-22(beta) as well as that of Glu-43(beta) to nearly the same degree. However, the total amidation of HbS by glucosamine is lower than that with glycine ethyl ester. The differential selectivity of the two amines is apparently related to the differences in the microenvironment of the gamma-carboxyl groups of Glu-22(beta) and Glu-43(beta), which either facilitates or refracts the aminolysis of the activated carboxyl with the two amines to different degrees. The carboxyl groups of isolated beta-chain exhibit a higher reactivity for amidation with glycine ethyl ester than does the tetramer. The carboxyl groups of Glu-22(beta) and Glu-43(beta) and that of Asp-47(beta) are all activated by carbodiimide suggesting that the higher pKa of these carboxyl groups (facilitating the activation) is a property of tertiary interaction of the polypeptide chain. The interaction of the beta-chain with alpha-chain, i.e., generation of the quaternary interactions, reduces overall reactivity of the carboxyl groups of the protein. The higher selectivity of hemoglobin S for amidation at Glu-43(beta) with glycine ethyl ester compared with that of isolated beta-chain appears to be primarily a consequence of decreased amidation at sites other than at Glu-43(beta).